AFRL-RY-WP-TP-2009-1303 


EFFECT  OF  BANDWIDTH  ON  WIDEBAND-STAP 
PERFORMANCE  (BRIEFING  CHARTS) 

Ke  Yong  Li,  S.  Unnikrishna  Pillai,  and  Joseph  R.  Guerci 


C  &  P  Technologies,  Inc. 


OCTOBER  2007 


Approved  for  public  release;  distribution  unlimited. 

See  additional  restrictions  described  on  inside  pages 


STINFO  COPY 


AIR  FORCE  RESEARCH  LABORATORY 
SENSORS  DIRECTORATE 

WRIGHT-PATTERSON  AIR  FORCE  BASE,  OH  45433-7320 
AIR  FORCE  MATERIEL  COMMAND 
UNITED  STATES  AIR  FORCE 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  No.  0704-0188 


The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including 
suggestions  for  reducing  this  burden,  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite 
1204,  Arlington,  VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  0MB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 

1.  REPORT  DATE  (DD-MM-YY)  2.  REPORT  TYPE  3.  DATES  COVERED  (From  -  To) 

October  2007  Conference  Briefing  Charts  25  May  2006  -  19  October  2007 


16.  SECURITY  CLASSIFICATION  OF: _  17.  LIMITATION  18.  NUMBER  19a.  NAME  OF  RESPONSIBLE  PERSON  (Monitor) 

a.  REPORT  b.  ABSTRACT  I  c.  THIS  PAGE  ABSTRACT:  OF  PAGES  Michael  J.  Callahan 

Unclassified  Unclassified  Unclassified  SAR  24  19b.  TELEPHONE  NUMBER  f/nc/oc/e  Area  Coc/ej 

_ I _ I _ I _  N/A _ 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39-18 


1 


Effect  of  Bandwidth  on 
Widoband-STAP  Porformanco 


Unnikrishna  S.  Pillai 
Polytechnic  University,  Brooklyn,  NY 

Ke  Yong  Li 

C  &  P  Technologies,  Inc.,  Closter,  NJ 

Joseph  R.  Guerci 
Guerci  Consulting,  Arlington,  VA 


2007  ASILOMAR  Conference,  Pacific  Grove,  CA. 


Outline 


•Wideband  array 

•Frequency  sensitive  gain  pattern 
•Effect  of  wideband  on  STAR 
•Wideband  data  model  -  A  new  theory 
•Wideband  and  coherency 
•Conclusions 


2007  ASILOMAR  Conference,  Pacific  Grove,  CA. 


♦ 


2 


Wideband 


»  » 

Large  separation  between  multiple  transmitters  and/or 
receivers  results  in  significant  antenna  dispersion 
even  for  modest  bandwidths! 
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Frequency  Sensitive  Array  Gain  Pattern 


Array  Amplitude  Pattern 
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Bandwidth  =  395  MHz  -  475  MHz  (80  MHz),  Sensors  used:  14 
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Space-Time  Data  Vector 


N  sensors,  M  pulses 
Data  Vector  x(0  =  ^  ,ci>jJ  +  n(0 

k 

:  Random  scatter  return,  n(0  :  Noise  vector 


s(6>^,  ) :  ACVxi  space-time  steering  vector 


Spatial  steering  vector 
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Temporal  steering  vector 
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Space-Time  Data  Vector 


Doppler  frequency 


xn 


V :  Platform  velocity 
T  :  Pulse  repetition  interval 
X ;  Operating  wavelength 
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The  covariance  matrix  in  an  uncorrelated  clutter  and 
noise  scene 
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Wideband  Space-Time  Data  Vector 


Wideband  transmit  waveform: 


m  ^  F{a>)  = 


|F(^y)| 
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(a)  Narrowband  (b)  Wideband 

Let  Fi'^(0  =  /(O^ :  scattered  return  at  the  reference 
sensor  due  to  first  pulse. 


ith  sensor: 


N 


7,  Interelement  time  delay  for  azimuth  angle 

c 
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Wideband  Space-Time  Data  Vector 

The  first  pulse  output: 


♦ 


e 


jco^(t-{N-\)T^) 


Reference  sensor  due  to  n‘’'  pulse: 

X?’(')=/(»-(»-l)r, 

^  Interpulse  time  delay  for  azimuth  angle 

C 

fh  sensor  output  due  to  pulse: 

z  =  1,  2,  •  •  •  TV,  /z  =  1,  2,  •  •  •  M . 

»  » 
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Wideband  Space-Time  Data  Vector 

♦ 

Output  vector  for  the  pulse:  z„(0  =  [z®(0>  ••• 


Space-time  vector:  zit) 


Liit) 

2:2(0 


f,{t)oxe„  CO,  ) 

/ 

Schur-Hadamard  product 


fj  CO :  MA^xi  transmit  signai  dependent  vector  whose 
(iN+ny^  eiement  is  given  by 

/  =  0,  1,  2,  •••  A^-1, 

n  =  0,  1,  2,  •  •  • ,  M  —  1 . 
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Wideband  Clutter  Covariance  Matrix 


Covariance  matrix  for  the  wideband  return  f^(t) 

Wideband  array  output  covariance  matrix: 

R,  =E{z(t)z{t)]  =  T,  osX  +o-'l 

k 

Low  pass  transmit  signal  gives 

{m,  n)  =  sine  )t^ (k)  +  (i^  -  4 )T^ (k)) 

m  =  \N  +  Wp  n  =  4 +  ^2  • 

If  T,  =T  ,  then  R  =ToR^ 
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Impact  of  Wideband  on  STAR 
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*  X-band  example 

-  (  X-band  case,/o  =  10  GHz,  /_  =  3  m,  B=  10%,  A/  =  10  subarrays,  CNR 

=  40  dB  ) 
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Impact  of  Wideband  Operation  on  Clutter  Eigenspectra 


Impact  of  Wideband  on  STAR 
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•  Transmitter  plays  a  big  role  in  shaping  clutter 
characteristics 
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Impact  of  Transmit  Antenna  Pattern 


I  I  I  I  I  I 


2007  ASILOMAR  Conference,  Pacific  Grove,  CA. 


♦ 

12 


Impact  of  Wideband  on  STAR 


Narrowband  clutter  covariance  matrix  (single  scatter  at  0^) 

Wideband  ciutter  covariance  matrix: 

MN 

T„=£A,e,e;>0  gives 

/=1 

MN 

k=\ 

A  bunch  of  MTV  uncorrelated  returns,  all  of  them 
associated  with  the  single  scatter  located  along  0^  . 

:  Amplitude  modulated  steering  vector  associated  with 
Doppier  frequency  and  iocation  0^ 
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Impact  of  Wideband  on  STAR 

»  » 

Let  d;.  represents  the  ordinary  DFT  vector  associated  with 
the  eigenvector  .  The  entries  in  corresponds  to  a 
doubie  sampling  period  of  r,  followed  by  .  Thus 
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Modified  steering  vector: 
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Coherent  sum 
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Impact  of  Wideband  on  STAR 


Wideband  introduces  jittering  effect  both  on  angie  and 
Doppier  by  generating  a  bunch  of  uncorrelated  returns. 

Each  such  uncorrelated  return  contains  a  set  of  coherent 
returns  with  different  directional  and  Doppler 

COmpOnGntS.  Uncorrelated 

bunches  of 


(a)  Narrowband  case  (b)  Wideband  case 

Modified  steering  vector  contains  several  coherent 
returns. 

Adaptive  processor  will  not  be  able  to  null  out  the  clutter. 
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SINR  Loss  With  and  Without  Bandwidth  Dispersion 


Bandwidth  BJV  =  80  MHz 
Center  frequency  =  435 MHz 

Number  of  sensors  N  =  14 
Interelement  spacing  d  =  0.33  m 
Look  angle  0=0° 

PRF  =  625  Hz 
Number  of  pulse  M  =  16 
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Conclusions 


♦ 
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•Large  aperture  size  contributes  to 
wideband  conditions 

•Single  scatter  generates  several 
uncorrelated  return  bunches. 

•Each  return  bunch  contains  multiple 
coherent  returns 

•Adaptive  processor  generates  wider  null 
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